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Chapter 1

Introduction

NASA's RESEARCH OBJECTIVE

To meet its objective of assisting the U.S. aviation industry with the technological

challenges of the future, NASA aims to identify research areas that have the great-

est potential for improving the operation of the air transportation system. There-

fore, NASA seeks to develop the ability of evaluating the potential impact of

various advanced technologies. By thoroughly understanding the economic impact

of advanced aviation technologies and by evaluating the use of new technologies

in the integrated aviation system, NASA aims to balance its aeronautical research

program and help speed the introduction of high-leverage technologies. Figure

Chapter 1 -1 illustrates NASA's research objective.

Figure Chapter I -1. NASA's Research Objective

_ U.S. aeronauticsindustry

Advanced Subsonic Technology
program

Technology integration element

Aviation System Analysis Capability

Develop high-payoff technologies to support a
safe, environmentally acceptable, and highly
productive global air transportation system

Ensure that the technologies NASA develops are
timely and consistent with other developments in
the aviation system

Provide a capability to evaluate the potential
impacts of advanced technologies on the U.S.
economy

GENESIS OF THE AVIATION SYSTEM ANALYSIS

CAPABILITY

Technology integration is the element of the AST program designed to ensure that

the technologies NASA develops are timely and consistent with other develop-

ments in the aviation system. Developing an Aviation System Analysis Capability

(ASAC) is one of the objectives for integrating technology. With this analytical
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capability, NASA and other organizations in the aviation community can better

evaluate the potential economic impacts of advanced technologies.

ASAC is envisioned primarily as a tool for understanding and evaluating the im-

pacts of advanced aviation technologies on the U.S. economy. ASAC consists of a

diverse collection of models and databases used by analysts and individuals from

the public and private sectors brought together to work on issues of common in-

terest to organizations in the aviation community. ASAC also will be a resource

available to those same organizations for analyzing; informing; and assisting sci-

entists, engineers, analysts, and program managers in their daily work. ASAC will

assist through information system resources, models, and analytical expertise, and

conducting and organizing large-scale studies of the aviation system and advanced

technologies. Figure Chapter 1 -2 displays the concept.

Figure Chapter 1 -2. Aviation System Analysis Capability Process

Inputs:

Databases __
Tools and models

Knowledge and

analytical methods

ASAC process

Outputs:

Policy studies

Cost-benefit analyses

Communications and

consensus building

GOALS OF THE ASAC PROJECT: IDENTIFYING AND

EVALUATING PROMISING TECHNOLOGIES

Developing credible evaluations of the economic and technological effects of ad-

vanced aviation technologies on the integrated aviation system is the principal

objective of ASAC. The evaluations then will be used to help NASA program

managers select the most beneficial mix of technologies for NASA investment,

both in broad areas, such as propulsion or navigation systems, and in more spe-

cific projects in the broader categories. In general, engineering analyses of this

kind require multidisciplinary expertise, use several models of different compo-

nents and technologies, and consider multiple economic outcomes and techno-

logical alternatives. These types of analyses are most effective if they include

information and inputs from organizations and analysts from different parts of the

aviation community. In this way, the studies incorporate the expertise of people

around the aviation community and build acceptance from the start of the research
effort.

In addition to identifying broad directions for investments in technology, the pro-

gram also must help researchers evaluate the economic potential of alternative

technologies and systems. By better informing engineers about potential markets

for technologies and data on how the current system works, ASAC will help them
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Introduction

incorporate their customers' needs more easily into their routine work. These

types of problems most likely involve investigating technical designs for specific

aircraft or subsystems that can readily replace existing equipment without signifi-

cantly changing other aviation components. With such information, researchers

could more easily evaluate the utility of alternative designs and quickly estimate

the value of their design concepts. Analysts from industry, government, and uni-

versities would also use ASAC in this way.

APPROACH TO ANALYZING THE INTEGRATED

AVIATION SYSTEM

The most useful aviation technologies are not necessarily the most technically ad-

vanced. Rather, the most useful technologies are those that have the most prom-

ising payoffs--those that clearly demonstrate a possibility of enhancing

performance economically--from the perspective of the organizations that will

purchase and operate the technologies.

Because new aviation technologies are introduced into a complex system, the po-

tential effect of proposed technology must be analyzed from a system-wide per-

spective. Otherwise, the potential impact may be overestimated or underestimated

because of the unexamined interdependencies with other elements of the aviation

system. Figure Chapter 1 -3 shows the components of the integrated aviation

system.

Figure Chapter I -3. Components of the Integrated Aviation System

In summary, by using the ASAC, users can develop credible evaluations of the

economic and technological impacts of advanced aviation technologies on all

components of the integrated aviation system.
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DOCUMENT OVERVIEW

This document describes the analyses that may be incorporated into the ASAC

Executive Assistant (EA). The document will be used as a discussion tool to en-

able NASA and other organizations within the aviation community to evaluate,

discuss, and prioritize analyses.

The document is composed of the following chapters:

Chapter 1 - Introduction

Chapter 2 - Types of Analyses and Analysis Users

Chapter 3 - Models and Data

Chapter 4 - ASAC Analyses

Chapter 5 - Summary

Chapter 2 describes the types of analyses that will be performed using ASAC, and

the users who will be performing the analyses.

The next chapter presents an overview of the models and data in the ASAC re-

positories that will be used to perform analyses.

Chapter 4 presents the analyses that could be performed using ASAC.

Additional information on the ASAC EA is in NASA Contractor Reports

#201681, ASA C Executive Assistant Architecture Description Summary, Eileen

Roberts and James A. Villani, April 1997; #207679, Aviation System Analysis

Capability Executive Assistant Design, Eileen Roberts and James Villani, et. al.,

May 1998; and a future report, Aviation System Analysis Capability Executive As-

sistant Development.

This document has a bibliography and one appendix.
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Chapter 2

Types of Analyses and Analysis Users
................................................................. _ : i : i _ : : :

TYPES OF ANALYSES

Two general types of analyses will be performed using the ASAC EA. They are:

# Macro analyses that are used for high-level decision-making and resource
allocation

• Bottom-up analysis, which are used for detailed decision-making, e.g., to

determine if a technology is worth pursuing.

ANALYSIS USERS

Members of the aviation community who will use the ASAC EA are:

• NASA Headquarters, who perform macro analyses

NASA Research Centers (Ames, Langley, and Lewis), who evaluate tech-

nology and the NASA research program, and manage and conduct NASA

aeronautical research programs

• FAA Headquarters, who are involved with substantial parts of NASA re-

search, and perform for regulatory and pohcy analysis

Academic researchers, including Wyle Labs, Draper Laboratory and the

Massachusetts Institute of Technology, and contractors to NASA and FAA

for model development and studies

Aircraft manufacturing and air transportation industries, including Boeing,

Pratt & Whitney, Lockheed Martin, air carriers; and LMI, who perform

analysis and studies for all the above users.
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Chapter 3

Models and Data

ASAC MODELS

Figure 3-1 diagrams the relationships between ASAC models. ASAC models are

grouped into the following three analytical areas:

# 1.0 Aircraft and System Technologies

# 2.0 FAA Air Traffic Management (ATM)

• 3.0 Environment

Each model has a unique number. The number designates the model's analytical

area, e.g., all model numbers that begin with "2" belong to the FAA Air Traffic

Management (ATM) analytical area.

Models under development or scheduled for development contain a fiscal com-

pletion year followed by the NASA/LMI task number (if assigned).

ASAC models can be combined to form analyses. For example, an analysis might

comprise the following models:

2.1 ASAC Airport Capacity Model "-)

2.2 ASAC Airport Delay Model --)

1.5 ASAC Flight Segment Cost Model---Cost Translator "-)

1.7 ASAC Air Carrier Investment Model.

Each of the models in Figure 3-1 is briefly described below.

• Aircraft/Air Traffic Control (ATC) Functional Analysis Model

(FAM) (2.3). Evaluates communications demands and pilot and controller

task loading of flights through the national airspace system.

• Aircraft Synthesis (ACSYNT) Model (1.8). Conceptual-level aircraft de-

sign and sizing model. A Web-enabled version exists (Web-ACSYNT).

• Approximate Network Delays (AND) Model (2.4). A national network

model of airports.
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ASAC Air Cargo Investment Model (1.1). A cargo version of the ASAC

Air Carrier Investment Model (ACIM).

ASAC Air Carrier Cost-Benefit Model (CBM) (2.6). Estimates relative

benefits of advanced aviation systems to air carrier users.

ASAC Air Carrier Investment Model (ACIM) (1.7). Forecasts air travel

demand and airline costs.

ASAC Air Carrier Network Cost Model (1.6). Calculates operating cost of

air carder route structure given aircraft technology and the ATM system.

ASAC Air Carder Operations Model (2.5). Forecast the future commercial

air traffic service schedule based on the terminal area forecast, National

Airspace System capacity, and the airline tolerance for flight delay.

ASAC Airport Capacity Model (ACM) (2.1). Calculates the capacity of an

airport given information such as technology parameters and weather.

ASAC Airport Delay Model (ADM) (2.2). Calculates the delay at an air-

port.

ASAC Flight Segment Cost Model (FSCM)-- Cost Translator (1.5). Cal-

culates the cost of flying a particular aircraft from one city to another.

ASAC FSCM - Mission Generator (1.4). Calculates an aircraft flight tra-

jectory based on aircraft performance, FAA regulations, and weather.

ASAC Noise Impact Model (NIM) (3.1). Estimates noise at an airport,

calculates extra cost to an airline of flying an inefficient flight track due to

noise restrictions, and evaluates the impact of preferential runway use

schemes and associated ground delays.

ASAC Regional and Commuter Air Carder Investment Model (1.3). A re-

gional and commuter version of the ASAC ACIM.

ASAC System Safety Tolerance Analysis Model (2.7). Provides system

safety modeling of advanced technologies in the terminal airspace.

Flight Optimization System (FLOPS) Model (1.8). Conceptual-level air-

craft design and sizing model.

3-2



Models and Data

1.0 Aircraft and

I System

Figure Chapter 3 -1. ASAC Relationships

1.1 ASAC Air

Cargo Investment

Model

FY98 - NS803

combined with 1.3

1.3 ASAC Regional

and Commuter Air

Carrier Investment

Model

FYg8/g9 - NS810

J 15 ASAC Flight I .1Segment Cost 1.6 ASAC Air 1,7 ASAC Air

Model -- Cost ]7 Carrier Network ----I= Carrier Investment I[ "l Translator Cost Model Model I

1. IM

2.1 ASAC Airport

Capacity Model

2.2 ASAC Airport

Delay Model

2.0 FAA Air Traffic

Management

2.3 Aircraft/ATC

Functional

Analysis Model

2.4 LMI Network

Model or

Approximate Network

Delay Model

FY99

3.0 Environment

2.5 ASAC Air

Carrier Operations

Model

FY98/99 - NS806

_[3.1 ASAC Noise

Impact Model

FY97/98 - NS807

2.7 ASAC System

Safety Tolerance

Analysis Model

FY98/99 - NS805

2.6 ASAC Air

Carrier Cost-

Benefit Model

FY98/99 - NSa04

Implemented in First Generation ASAC

_---] Implemented in ASAC EA

• LMINET Model (2.4). A queuing network model of the National Airspace

System
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• National Airspace Research and Investment Model (NARIM) (1.9).

Simulation model of the national airspace system, plus other tools.

ASAC DATA

Table 3-1 lists the data sources and the years of data from those sources that are in

the ASAC data repositories. Each of the data sources listed in Table 3-1 is briefly
described below.

Table Chapter 3 -1. ASAC Data

Data source Years of data in repository

Airport Weather

Department of Transportation (DOT)
Airline Service Quality Performance (ASQP)

DOT Form 41 Financial

DOT Origin and Destination Matrices

DOT Schedule B-43 Airframe Inventory

1961-1997

1993 and 1995-1997

1989-1996

1989-1996

1994-1996

DOT T-100 Flight Segment

DOT T-3/T-100 Airport Rank

FAA Aircraft Emissions

FAA Noise Certification

FAA Terminal Area Forecast (TAF)
I

iHigh Altitude Wind

1989-1996

1989-1996

Future Requirement

1996

1976-1996 Histodca11997-2012 Forecast

1995-1996

International Civil Aviation Organization (ICAO)
Airport Characteristics

ICAO Airport Traffic

Official Airlines Guide (OAG) North America
and Worldwide Merge

U.S. Regional Airline Fleet

World Jet Inventory

1997

1993

1993

1995-1996

1993,1995-1997

Airport Weather. Contains 35 years of historical data for each of the ten

Terminal Area Productivity (TAP) airports, including Department of

Transportation (DOT) airport code, date, hour of day, temperature in de-

grees Fahrenheit, wind direction in degrees, wind speed in knots, hori-

zontal visibility in miles, ceiling height in feet, meteorological conditions,

runway conditions, and an indicator as to whether the data were observed

or interpolated.

• DOTASQP. Contains air carder departure and arrival times.
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Models and Data

DOT Form 41 Financial. Data included in the Form 41 financial schedules

are: balance sheet, statement of operations, transport revenues, deprecia-

tion, and amortization, aircraft operating expenses, operating expenses by

objective and functional groupings, and aircraft and traffic servicing, pro-

motion, and sales expense. Also included are Employment Statistics by

Labor Category and U.S. air carrier traffic and capacity data by equipment

type.

DOT Origin and Destination Matrices. Contains complete passenger itin-

erary and related data about type of fare and dollar value of the ticket for

domestic data only.

DOT Schedule B-43 Airframe Inventory. Contains year of the data, DOT

carrier code, DOT equipment code, ownership type (i.e., capital lease, op-

erating lease, or owned aircraft), tail number, airframe manufacturer's se-

rial number, year of first delivery, number of seats as specified by the air

carrier, and noise category (i.e., stage 2 or stage 3).

DOT T-IO0 Flight Segment. Contains information from each of the re-

porting carriers for their non-stop domestic U.S. market segments. The

data elements reported by equipment type include onboard passengers,

freight and mail, number of departures, segment distance, available seats,

freight capacity (in pounds), block time, and airborne time.

DOT T-3/T-IO0 Airport Rank. For their total system operations, carriers

report both scheduled and non-scheduled: departures performed; enplaned

passengers, tons of freight, and tons of mail. To the T-3 data are added the

following summary data elements from the T-100 _ght segment data:

available seats, onboard passengers, tons available, block hours, and air-
craft miles traveled.

FAA Aircraft Emissions. Contains engine emissions test information for

take-off, climbout, approach, and idle.

FAA Noise Certification. Comprises approach and takeoff noise data and

sideline noise data.

FAA Terminal Area Forecast (TAF). Contains historical data and forecasts

about 4,000 U.S. public-use airports. TAF includes airport identification

code, number of runways, number of instrument landing systems, enpla-

nement capacity, average number of days per year allowing visual flight

rules operations, and observations and forecasts of aviation activity meas-

ures. Activity measures include items such as air carder enplanements, air

taxi enplanements, commuter enplanements, international enplanements,

air cartier itinerant operations, air taxi itinerant operations, and general

aviation itinerant operations.
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¢, High Altitude Wind. Contains wind data from National Oceanic and At-

mospheric Administration's National Center for Environmental Predic-
tion.

ICAO Airport Characteristics. Provides detailed assessments of individual

airport infrastructure, including information about runways, taxiways, and

obstacles. Also includes detailed information about proposed new runways

and airports.

ICAO Airport Traffic. Tracks historical data, including movements of air-

craft, passengers and freight.

Official Airlines Guide (OA G) North American and Worldwide Merge.

Provides summary information about airports, carriers, equipment, and

flight segments.

U.S. Regional Airline Fleet. Represents small aircraft (passenger and

cargo) flown by the U.S. regional airline industry. The aircraft include

both turboprop and piston engines, jets, and helicopters.

World Jet Inventory. Contains information on the world commercial jet airplane

fleet (including some military derivatives).
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Chapter 4

ASAC Analyses
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This chapter describes the analyses that could be performed using ASAC. The

chapter is divided into five sections. The first four sections concentrate on analy-

ses that use ASAC models; the last section on analysis that uses ASAC data:

Analyses performed using the First Generation ASAC

• Analyses defined at the ASAC User/System Requirements Review, March
1998

• Analyses defined at the ASAC Architecture Meetings, March 1996

• Alternative and future analyses

• Requirements and analyses using ASAC Data Repositories.

Each section is divided into three categories:

• Aircraft and System Technologies

• FAA Air Traffic Management

• Environment.

Analyses are listed by category. The analysis name is followed by a depiction of

the models and data used in the analysis and model finks (where appropriate) rep-

resented by fines with arrows. A brief description of the analysis follows the

analysis diagram.

Users may simulate an analysis by running ASAC models standalone and manu-

ally transferring data between models.
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ANALYSES PERFORMED USING THE FIRST GENERATION

ASAC

Aircraft and System Technologies

ANALYZE IMPROVED AIRCRAFT TECHNOLOGY

1.8 WebACSYNT Segment Cost Segment Cost 1.6 ASAC Air ] 1.7 ASAC Air

or FLOPS Model -- Mission Model -- Cost Carrier Network -- _,_ Carrier Investment

Generator Translator Cost Model / Model

Analyze change in aircraft technology for airlines.

Inputs:

Change in propulsion technology, e.g., engine deck, to effect:

an eight percent change in specific fuel consumption (SFC) for large
engines

a 10 percent change in SFC for small engines

• Change airframe size, or

• Change in aerodynamic inputs, or

• Change in structure weight relations.

Final Outputs:

• Change in revenue passenger miles (RPM) flown

• Change in number of aircraft in fleet

• Change in employment levels.

FAA Air Traffic Management

ANALYZE IMPROVED AIR TRAFFIC MANAGEMENT

1.5 ASAC Flight

Segment Cost

Model -. Cost

Translator

I/
2.1 ASAC Airport l_ 2.2 ASAC Airport

Capacity Model 17 Delay Model
t_ 1.7 ASAC Air J

- Carrier Investment I

Model I
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Aviation System Analysis Capability Analyses

Analyze change in ATM for airports.

Inputs:

• Change in runway occupancy time, and/or

• Change in position uncertainty, and/or

• Change in minimum separation, and/or

• Change in approach speed uncertainty.

Environment

Final Outputs:

• Change in RPM flown

• Change in number of aircraft in fleet

Change in employment levels.

ANALYZE THE EFFECTS OF AIRCRAFT NOISE REDUCTION ON COMMUNITIES

3.1 ASAC Noise

Impact Model

Analyze the effects of aircraft noise-reduction technologies on communities.

Inputs:

• Change

• Change

• Change

• Change

• Change

Final Outputs:

in study year (1993, 2005, or 2015), and/or

in aircraft mixture, and/or

in flight track, and/or

in noise reduction by aircraft or globally, and/or

in capacity and delay by usage of alternative runways.

Aircraft usage by aircraft (operations and stage length)
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Aircraft usage by category (widebody, narrowbody, or propeller over long-

or short-haul routes)

• Time savings by using alternative runways

t Time and distance savings of optimized flight tracks

¢, Aggregate time and distance savings per aircraft type

Decibel-level noise impact on total population, total housing, total acreage,

and off-airport acreage.

ANALYSES DEFINED AT THE ASAC USER/SYSTEM

REQUIREMENTS REVIEW, MARCH 1998

Aircraft and System Technologies

CROSS-PROGRAM NASA INVESTMENT/PORTFOLIO TRADES

All Models

ROt Enhancements t

to 1.7 ASAC Air

Carrier Investment I

Model J

ROI Enhancements

to 2.6 ASAC Air

Carrier Cost-

Benefit Model

. Aviation Safety and Capacity Programs have existing planned budgets. A

new 'wedge' of aeronautics funds have become available for FYxx-FYyy.

Proposals have been made to create a New Millennium Aircraft Program

and/or an Environment Program with the funding wedge. The existing and

new programs claim quantified benefits of increased operations and

throughput, delay reduction, reduced accidents, reduced operating and ac-

quisition costs, and reduced emissions. Recommend the investment strat-

egy for the new funding wedge that maximizes return on investment (ROI)

to public citizen taxpayers, aviation manufacturing industry (all tiers), and

domestic air carder industry. Recommendation may include "No Go" for

either or both new proposals and/or budget adjustments (increment or dec-

rement) to existing programs. Repeat the analyses assuming 50/50 match-

ing financial contributions to any or all of the programs from either or both

industry groups.

= Determine optimum balance (in terms of ROI) of NASA investment in

airplane/aviation system technology driven programs versus design

method/design cycle-time reduction/time-to-market-driven programs. If

optimum balance cannot be calculated, compare potential ROI of design
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Aviation System Analysis Capability Analyses

method/cycle-time/time-to-market-type program to more traditional safety,

environment, and aircraft/aviation system performance technology pro-

grams.

GLOBAL MARKET

I 1.7 ASAC Air

Carrier Investmen'

Model

Determine the effect of current Asian economic situation on international routes,

sales, rpm, air carrier (domestic and international) investment and compare to

previous market projections.

PARAMETRIC COST ESTIMATION]ECONOMETRIC COMPATIBILITY

1.8 WebACSYNT Segment Cost Segment Cost
Carrier Network Carrier Investment

or FLOPS Model -- Mission Model -- Cost Cost Model Model

Generator Translator

For the operating cost methodology, ASAC uses Form 41 data to analyze overall

integrated aviation system performance from top down. This provides a historical

view of how the system performed in response to various market factors. How-

ever, from the standpoint of introducing new vehicles, the NASA and the air-

frame/engine manufacturers analysis processes build up operating cost from the

vehicle design and performance characteristics. How, if at all, do these two proc-
esses mesh within the ASAC framework?

Go/No-GO DECISION ON 600-PASSENGER SUBSONIC TRANSPORT

1.8 WebACSYNT

or FLOPS

1.4 ASAC Flight

Segment Cost
Model -- Mission

Generator

2.6 ASAC Air

Carrier Cost-

Benefit Model

Given the current economic and RPM forecast, a major international air carrier is

analyzing the potential purchase of a fleet of 600-passenger, 7500 nmi subsonic

transport. Assume an average aircraft price (paid by the carder) of $X. Determine

the potential existing routes of this carrier that could be served by the new air-

plane and that maximize ROI to the cartier based on estimated operating costs.

For this carder, determine the current fleet mix, including age, and operating costs

of aircraft serving these routes. Determine the phase-in of the 600-passenger air-

craft and phase-out of existing aircraft serving the same routes. What is the total

air carrier investment, number of aircraft and price (paid by the carrier), and ROI?
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FAA Air Traffic Management

HUB AND SPOKE--FORECAST, DEMAND, AND IMPACT

ORS Report
Server Data

Analysis and Pre-
processing

2.6 ASAC Air
Carrier Cost-
Benefit Model

1.3 ASAC

Regional and
Commuter Air

Carrier Investment
Model

Regional and commuter air carders are switching from turboprop to turbofan air-

craft. For a given regional and commuter carder, which operates from an airport

that is also a hub of a major air cartier, these aircraft have an average range in-

crease of X percent and an average operating cost increase of Y percent compared

to its existing fleet. Determine the potential market/RPM that may be captured by

the R&C from the major. Determine the minimum RPM, enplanements, or other

factors required by the major for this to be a viable hub in light of the regional and

commuter competition.

Impact of Point-to-Point Operations on Demand Curves

. Determine the feasibility of elimination of hub and spoke in favor of

point-to-point operations (calculate the benefit to taxpayers, aviation

manufacturers, and air carders).

. Determine the potential impact to future air travel demand curves if

the current hub-spoke system is eliminated in favor of point-to-point

operations.

3. Determine the impact of point-to-point operations on noise and emis-

sions (potential reduction in number of operations).

. Determine required market demand to make point-to-point operations

economically viable between a given city pair. Determine sensitivity of

this analysis to increases/decreases in range and aircraft size/speed.

COMPLETE, DETAILED ANALYSIS OF NEW TECHNOLOGY INTRODUCTION

2.6 ASAC Air

Carrier Cost-

Benefit Model

1.7 ASAC Air J

Carrier Investmenl_

Model J

Company X approaches NASA with an idea for a new, revolutionary high-lift

system for use on Boeing 737-300 airliners installed on an after-market basis.

They provide estimates for the impact on the airplane weight, takeoff and landing
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Aviation System Analysis Capability Analyses

performance, and cost to install the new system (per airplane). Assuming that I

accept their estimates, I decide to use the ASAC to analyze the impact of intro-

ducing this new technology. As input, along with the estimates provided by Com-

pany X, I also guess-timate a probable market penetration of the new technology

by the year 2005 and also by 2010. What I expect from ASAC is the following:

Cost/benefit Analysis. Using my estimate of market penetration (ex-

pressed, say, as a percentage of all 737-300 airplanes in service), how

much will it cost to retrofit? What is the impact on the national economy,

if any? Based on the improved takeoff and landing performance, how

much fuel is saved, if any? Extrapolate that this will lead to decreased time

spent on the runways--what is the aggregate effect on capacity and delay

and what is the resulting financial benefit (assign a dollar amount to the

reduction in delay)? How many airplanes must be retrofitted before the in-

vestment pays off (break-even point).

• Noise and Emissions Analysis (see Environment section).

ATM/NATIONAL AIRSPACE SYSTEM TECHNOLOGY EVALUATION

2.3 Aircraft/ATC ] I Airport 1

Functi°Mn::Analysi _ 2'CapAaSciAtC Model I--

2.4 LMI Network 1.7 ASAC Air

Model or Approximate--- _ Carrier Investmen

_ Network Delay Mode m Model

2.7 ASAC System

Safety Tolerance

Analysis Model

. Determine the ability of currently planned advanced air traffic tech-

nologies to meet the predicted growth in air travel demand. If the

planned technologies are incapable of meeting demand growth, deter-

mine the required performance improvement of the technologies that

will satisfy the demand.

2. Evaluate potential impact/ROI of optimum departure spacing for U.S.

domestic operations on throughput.

3. Determine impact/ROI of advanced navigational tools and sensors that

could allow all weather operations of U.S. domestic operations.

4. Expand 2 and 3 to global operations. Note: This will not be able to be
done with ASAC.

. Given the performance requirements, reliability and operational avail-

ability of planned advanced air traffic technologies, conduct a safety

assessment of the ATM/NAS with the planned new technologies rela-

tive to the current ATM/NAS assuming the same demand growth for

both systems.
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. Assuming the ATM/NAS with advanced technologies is "safer" (lower

probability of incident/accident/error) than the existing ATM/NAS for

the same demand, what is the demand increase that the advanced

ATM/NAS system can accommodate and maintain the same "safety"

(probability of incident/accident/error) as the current ATM/NAS?

. Determine the change in the margin for probability of pilot error in the

advanced technology ATM/NAS relative to the current ATM/NAS for

the same demand growth, i.e., more or less margin for pilot error with

advanced technologies. Note: This will not be able to be done with

ASAC.

EXPAND AIRPORT CAPACITY

I I
2.1 ASAC Airport _ 2.2 ASAC Airport

Capacity Model 17 Delay Model

QRS Reports

At most major hub airports, 25-35 percent of the operations are with regional air-

craft seating 50 passengers or less. New vertical-lift technology offers the poten-

tial for separating a portion of these operations from the fixed-wing runways to

VTOL sites on the airport and allowing more of the larger capacity fixed-wing

aircraft to use the runways. At how many airports is this feasible? How many ad-

ditional operations can be accommodated? How many of the new 40 passenger

VTOL aircraft is required to meet the demand at each airport? Does this reduce

delays at the hub airport

Environment

COMPLETE, DETAILED ANALYSIS OF NEW TECHNOLOGY INTRODUCTION

3.1 ASAC Noise

Impact Model

1.4 ASAC Flight

Segment Cost

Model -- Mission

Generator plus

post-processing

Noise and Emissions Analysis

Retrofitted airplanes will not take as long to reach cruise altitude and will

have shorter descent profiles. Provide a quantitative measure of how the

noise will be reduced. Similarly, since both climb and descent phases of

flight have higher rates of fuel consumption than cruise and now that these

phases will be shortened, what is the quantitative effect on emissions?
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ANALYSES DEFINED AT THE ASAC ARCHITECTURE

MEETINGS, MARCH 1996

Aircraft and System Technologies

AIRCRAFT TECHNOLOGY AND AVIATION INDUSTRY SYSTEM

1.8 WebACSYNT Segment Cost Segment Cost 1,7 ASAC Air
or FLOPS Model -- Mission Model -- Cost Carrier Investment

Generator Translator Model
2.6 ASAC Air

Carrier Cost-

Benefit Model

Build a detailed cost-benefit model to analyze the viability of advanced aircraft

technologies.

IMPACT ON THE U.S. ECONOMY, EMPLOYMENT, AND TRADE

1.7 ASAC Air

Carrier Investmen'

Model

Quantify the impact of various technologies on the U.S. economy, employment,
and trade.

AIRCRAFT TECHNOLOGY AND AVIATION INDUSTRY

1.8 WebACSYNT

or FLOPS
-----I_

I I
1.4 ASAC Flight II 1.5 ASAC Flight

Segment Cost N Segment Cost

Model -- Mission Model -- Cost

Generator Translator

1.7 ASAC Air

Carrier Investmenl

Model

Translate aircraft technology concepts into aircraft physical performance meas-

ures, such as speed, fuel burn, payload, range, and airfield accessibility.

Estimate development and production costs for new aircraft (including airframes,

propulsion, and avionics) and substantial modifications to existing aircraft and

aircraft components, from preliminary aircraft design information.

Estimate operating costs for new and existing aircraft as a function of utilization.

Estimate the economic viability of advanced aircraft designs, through quantitative

technical and business performance comparisons of conceptual designs with ex-

isting aircraft or other possible alternatives.
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Evaluatedesignor operationalconstraints.

Am CARRIERINVESTMENTS

AGGREGATE

I 1.8 WebACSYNT
or FLOPS _-_

1.4 ASAC Flight

Segment Cost
Model -- Mission

Generator 1.7 ASAC Air I

Carrier Investment I

Model I

1.1 ASAC Air

Cargo Investment
Model

Estimate air carrier industry cost, revenue, and profit functions.

Estimate air carrier investments as a function of aircraft characteristics, aircraft

acquisition and operating costs, and air traffic performance.

Estimate long-run world-wide demand for passenger and cargo transportation

services, as a function of demographics, economic variables.

Provide long-run forecasts of aircraft purchases.

ECONOMIC IMPACTS

1.7 ASAC Air

Carrier Investment

Model

1.1 ASAC Air

Cargo Investment
Model

1.3 ASAC

Regional and
Commuter Air

Carrier Investment

Model

UNDERLYING

Estimate impact on the U.S. economy of the introduction of new technology and

other changes in the air transportation sector, based on the aviation industry analy-
sis results.

Calculate the feedback effect of general economic conditions on the aviation-

related industries.

Estimate the non-U.S, impact of new technologies (international sales and market

share).

Evaluate the potential implications of regulatory changes in other countries on the
sales and services of U.S. airlines and manufacturers.

DEMAND FOR AIR TRAVEL

1.7 ASAC Air

Carrier Investmen'

Model

1.1 ASAC Air

Cargo Investment

Model

|
DOT Origin and Destination

Matrices, Official Airlines Gutde_

(OAG) N. Amer. & Worldwide|
Merge, DOT Form 41 Financia_

1
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What is the underlying world-wide demand for air travel? Need origin and desti-

nation data for passengers, revenues, itinerary miles, and average coupons.

What are the airlines' revenues generated by this air travel? Need average fare per

revenue passenger mile, and revenue passenger miles flown.

What are the forecasted levels of passenger and freight traffic on global, regional,

and U.S. national bases? Need revenue passenger miles and revenue ton miles.

ECONOMIC VALUE OF AIRLINE INDUSTRY

1.7 ASAC Air

Carrier Investment

Model

1.1 ASAC Air

Cargo Investment

Model

1.3 ASAC

Regional and
Commuter Air

Carrier Investment

Model

How important is the air transportation industry to the U.S. economy in terms of

economic activity generated? Need industry revenues, gross domestic product,

employment.

Which industries are the primary suppliers to the air transportation industry?

Ranked by industry sales and value added.

ECONOMIC VALUE OF AIRCRAFT AND AIRCRAFT SYSTEMS MANUFACTURING

1.7 ASAC Air

Carrier Investment

Model

1.t ASAC Air

Cargo Investment
Model

1.3 ASAC

Regional and

Commuter Air

/ Carrier Investment

Model _

DOT Form 41

Financial

How important are the aircraft and aircraft systems manufacturing industries to

the U.S. economy in terms of economic activity generated? Need industry reve-

nues, gross domestic product, and employment.

Which industries are the primary suppliers to the aircraft and aircraft systems

manufacturing industries? Ranked by industry sales and value added.

AIRLINE OPERATIONS ANALYSIS AND INVESTMENT MODELING

1.7 ASAC Air

Carrier Investment

Model

1.1 ASAC Air

Cargo Investment
Model

1.3 ASAC

Regional and
Commuter Air

Carrier Investment

Model

Build a model to generate forecasts of air travel demand, airline costs, and

required aircraft inventories.
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Build a secondmodelthatestimatesthecostto operatearepresentative(or actual)
airlineroutestructurewith differentaircraft.

FAA Air Traffic Management

AIRSPACE INFORMATION AND MODELING

Capacity Model Delay Model

2.4 LMI Network t I

Model or Approximat_

Network Delay Model I

1.7 ASAC Air

Carrier investment

Model

Build tools to analyze the potential impact of airspace technologies and new
aircraft.

DEVELOP SYSTEM SAFETY INFORMATION AND MEASURES

2.7 ASAC System

Safety Tolerance

Analysis Model

AIRSPACE

Develop a model to estimate system safety tolerance.

2.1 ASAC Airport

Capacity Model

2.2 ASAC Airport

Delay Model

/
2.4 LMI Network |

Model or Approximat_
|

Network Delay Mode I

1.5 ASAC Flight

Segment Cost

Model -- Cost

Translator

I I
1.6 ASAC Air _ _ 1.7 ASAC Air

Carrier Network HCarrierlnvestment

Cost Model Model

Translate Air Traffic Control (ATC) technology concepts and investments into

system performance parameters.

Estimate air transportation system performance changes due to the introduction of

advanced technologies, with performance measured by total travel time, delay

time, and total system operating costs.

Evaluate the impact of improved ATC performance on passenger and cargo
services.
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AIR CARRIER OPERATIONS

2.1 ASAC Airport

Capacity Model

2.2 ASAC Airport

Delay Model

2.4 LMI Network /

Model or Approximatl

Network Delay Mode 1

Evaluate changes in procedures to maximize existing technology compared to

stasis in procedures coupled with new technology.

SAFETY

1.8 WebACSYNT

or FLOPS

2.7 ASAC System

Safety Tolerance

Analysis Model

Predict safety impacts of advanced aircraft designs based on current and proposed

regulations.

Evaluate the impact of safety regulations on the cost, quantity, and quality of air

transportation services.

Develop methodologies for evaluating the safety of the air transportation system

from the overall system viewpoint.

Environment

METHODS TO ASSESS ENVIRONMENTAL IMPACTS

3.1 ASAC Noise

Impact Model

Estimate the noise characteristics of new aircraft and evaluate the noise impacts of

aircraft operations on airport areas.

ENVIRONMENTAL IMPACTS: NOISE

3.1 ASAC Noise

Impact Model
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Integrate noise exposure models and demographic databases for use in estimating

community noise impact.

Analyze noise effects at selected airports resulting from advanced designs and air-
craft modifications.

Quantify the impact of local noise restrictions on airline operations and the overall

level and quality of air transportation services provided.

ALTERNATIVE AND FUTURE ANALYSES

Functional Analysis (Alternative to Econometric Analysis)

2.1 ASAC Airport

Capacity Model

2.2 ASAC Airport

Delay Model

1.7 ASAC Air

- Carrier Investment

Model

Alternative to econometric analyses using the ASAC FSCM--Cost Translator.

Future Analysis 1

2.1 ASAC Airport

Capacity Model

2.2 ASAC Airport

Delay Model

2.6 ASAC Air

Carrier Cost-

Benefit Model

TBD

Future Analysis 2

3.1 ASAC Noise

Impact Model

2.6 ASAC Air

Carrier Cost-

Benefit Model

TBD

Future Analysis 3

1.8 WebACSYNT

or FLOPS
1.9 NARIM

1.5 ASAC Flight

Segment Cost

Model -- Cost

Translator

4-14



Aviation System Analysis Capability Analyses

TBD

Future Analysis 4

TBD

1.8 WebACSYNT

or FLOPS
1.9 NARIM

2.3 Aircraft/ATC

Functional

Analysis Model

Future Analysis 5

2.4 LMI Network

Model or

Approximate

Network Delay
Model

TBD

1.5 ASAC Flight

Segment Cost
Model -- Cost

Translator

1.6 ASAC Air

Carrier Network

Cost Model

1.7 ASAC Air

Carrier Investment

Model

Future Analysis 6

2.5 ASAC Air
Carrier Operations

Model

2.6 ASAC Air
Carrier Cost-
Benefit Model

TBD

Future Analysis 7

3.1 ASAC Noise

Impact Model

2.1 ASAC Airport

Capacity Model

2.2 ASAC Airport

Delay Model

TBD

Future Analysis 8

3.1 ASAC Noise

Impact Model

1.7 ASAC Air

Carrier Investment

Model
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TBD

Future Analysis 9

2.5 ASAC Air

Carrier Operations
Model

r

2.4 LMI Network
Model or

Approximate
Network Delay

Modet

TBD

Future Analysis 10

2.4 LMI Network
Model or

Approximate
Network Delay

Model

TBD

Future Analysis 11

TBD

Future Analysis 12

2.5 ASAC Air

Carrier Operations

Model

2.7 ASAC System
Satety Tolerance
Analysis Model

J 2.2 ASAC Airport

Delay Model

I 2.6 ASAC Air
"- Carrier Cost-

"1 Benefit Model

Evaluate the costs and benefits of safety improvements.
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REQUIREMENTS AND ANALYSES USING ASAC DATA

REPOSITORIES

Aircraft and System Technologies

Am CARRIER INVESTMENTS

World Jet Inventon
DOT T-100 Flight

Segment

i Officia/AirHnes _

Guide (OAG) N. |

Amer. & Worldwid_

Merge

Provide current airframe and engine inventory data, linked to utilization data on

flights by aircraft type and city pair.

FAA Air Traffic Management

AIRSPACE INFORMATION AND MODELING

Official Airlines

Guide (OAG) N.
Amer. & Worldwid(

Merge

DOT T-3/T-100

Airport Rank

DOT T-100 Flight

Segment

Construct databases describing air traffic and airport operations and capacity.

Note: ASAC does not provide capacity data.

DEVELOP SYSTEM SAFETY INFORMATION AND MEASURES

Access to FAA

Sites

AIRSPACE

Provide access to searchable databases of aviation incidents and accidents.

Official Airlines

Guide (OAG) N.
Amer. & Worldwide

Merge

FAA Terminal Area 1

F°r, laltIT?F)I

ICAO Airport
Traffic

Provide representative flight schedules for use in analyzing the impact of new air-

craft and ATM technologies on air transportation system performance.
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Providedatabasesof airportcapacity,andhistoric andforecastedoperationsby
airport.Note:ASAC doesnotprovidecapacitydata.

Am CARRIER OPERATIONS

DOT T-100 Flight

Segment

DOT Form 41

Financial

I Official Airlines

Guide (OAG) N.

mer. & Worldwide

Merge

Provide up-to-date (recent) estimates for air carder flight segment and cost infor-

mation to serve as a baseline comparison for evaluating new technologies, and

changes in carrier operational strategies.

Provide representative flight schedules for use in forecasting the use and impact of

new aircraft and procedures by airlines.

SAFETY

Access to NTSB

nd ASRS Sites

Provide access to current aviation accident/incident databases.

Environment

AIRCRAFT FLEETS

World Jet

Inventory

DOT Schedule
B-43 Airframe

Inventory

FAA Aircraft
Emissions

FAA Noise
Certification

DOT Form 41
Financial

Official Airlines

Guide (OAG) N.
Amer. &

Worldwide Merge

What is the composition of the current transport aircraft fleet? Quantity by type of

equipment, engine type and model installed on aircraft.
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Which countries and fn-ms own and operate these aircraft? Need country and com-

pany.

How old are the aircraft? Need dates of order, delivery, and sale, lease, or loss by

accident.

What noise stage are they? Need typical noise stage by equipment and engine

combination.

What level of emissions do they create? Need emissions per idle, takeoff,

climbout, and approach by type of engine.

How is a specific type of equipment typically used? Need annual usage in terms of

block hours operated, number of trips, and aircraft miles flown; average duration

of flights in terms of block time and stage length.

What are the operating costs? Need operating cost per: year, typical flight, block

hour, aircraft mile, and available seat miles.

UNDERLYING DEMAND FOR AIR TRAVEL

DOT T-IO0 Flight

Segment

Official Airlines

Guide (OAG) N.

Amer. & Worldwide

Merge

What are the highest density city pairs? Need passengers per day, revenue passen-

ger miles, and aggregate revenues for the top 100 domestic and international city

pairs.

AIR TRAFFIC

DOT T-IO0 Flight

Segment

DOT Origin and

Destination

Matrices

Forecast (TAF) [

Official Airlines

Guide (OAG) N.

Amer. & Worldwid(

Merge

DOT T-3/T-100

Airport Rank

ICAO Airport
Characteristics

DOT Airline Servim

Quality

Performance

What are the current patterns of air traffic (i.e., how do the airlines satisfy the un-

derlying world-wide demand for air travel through their decisions about routing)

for domestic only? Need point-to-point flights versus hubbing operations.
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What are the current patterns of air traffic (i.e., how do the airlines satisfy the un-

derlying world-wide demand for air travel through their decisions about equip-

ment usage)? Need type of equipment used on each flight segment.

What are the current patterns of air traffic (i.e., how do the airlines satisfy the un-

derlying world-wide demand for air travel through their decisions about frequency

of flights)? Need number of flights per day, week, and year.

What are the block times for these flights? Need average block time per flight

segment.

Which airports are the busiest? Ranked by number of aircraft departures and en-

planed passengers.

What are the capacities of U.S. and foreign airports? How do airport usage rates

compare with airport capacities (which airports are the most critically constrained

by their current capacities)? Need number of runways, instrument landing sys-

tems, practical annual capacity, and visual flight rule days per year.

What are the current levels of aircraft and passenger delay by airport and cause of

delay? Need delay by cause (weather, terminal volume, center volume, closed

runway or taxiway, or NAS equipment interruptions) and by phase of flight (gate-

hold, taxi-out, airborne, or taxi-in).

ECONOMIC VALUE OF AIRLINE INDUSTRY

DOT Form 41

Financial

What are the largest f'trrns in terms of output, i:evenues, and employment? How

healthy are they in terms of operating incomes, balance sheets, and debt ratings?

Ranked by sales, profits, assets, and financial health.
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Chapter 5

Summary

Forty analyses were defined using ASAC models in three functional areas: Air-

craft and System Technologies, FAA Air Traffic Management, and Environment.

These analyses will be prioritized and added to the ASAC Executive Assistant as

permitted by resources. An additional ten analyses and requirements were defined

using ASAC data repositories. All the above mentioned analyses are summarized
in Table 5-1.
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Appendix A

Abbreviations

ACIM

ACM

ACSYNT

ADM

AND

ASAC

ASQP

AST

ATC

ATM

DOT

EA

FAA

FAM

FLOPS

ICAO

NARIM

NAS

NASA

NIM

OAG

ROI

RPM

SFC

TAF

VTOL

Air Carrier Investment Model

Airport Capacity Model

Aircraft Synthesis model

Airport Delay Model

Approximate Network Delay model

Aviation System Analysis Capability

Airline Service Quality Performance

Advanced Subsonic Technology

Air Traffic Control

Air Traffic Management

Department of Transportation

Executive Assistant

Federal Aviation Administration

Functional Analysis Model

Flight Optimization System model

International Civil Aviation Organization

National Airspace Research and Investment Model

National Airspace System

National Aeronautics and Space Administration

Noise Impact Model

Official Airlines Guide

return on investment

revenue passenger miles

specific fuel consumption

Terminal Area Forecast

vertical takeoff and landing
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